MACLAURIN'S FIRST USE OF THE NEWTONIAN STYLE. A sort of trial
run of the Newtonian style was Maclaurin's youthful attempt-he was sixteen-to build a calculus-based mathematical model for ethics. In a Latin essay still (perhaps mercifully) unpublished today, "De Viribus Mentium Bonipetis" ("On the GoodSeeking Forces of Mind"), Maclaurin mathematically analyzed the forces by which our minds are attracted to different morally good things. Although he didn't publish this essay, he liked it enough to send it to the Reverend Colin Campbell, in whose papers it survives at the University of Edinburgh [21] .
In "On the Good-Seeking Forces of Mind," Maclaurin postulated that the "forces with which our minds are carried towards different good things are, other things being equal, proportional to the quantity of good in these good things." Also, the attractive force of a good one hour in the future would exceed that of the same good several hours in the future. And so on. Maclaurin represented the total quantity of good as the area under a curve whose x-coordinate gives the duration and y-coordinate the intensity of the good at a particular instant. He said that one could find the maximum and minimum intensities of any good or evil using Newtonian calculus. Maclaurin graphed the total attraction of a good under various assumptions about how the intensity varies over time, and, by integration, derived equations for the total good. One conclusion supported by his mathematical models was that good men need not complain "about the miseries of this life" since "their whole future happiness taken together" will be greater. Maclaurin thus tested his mathematical model against the doctrine of the Church of Scotland, and found that the results fit. He had shown mathematically that the Christian doctrine of salvation maximized the future happiness of good men.
Of course, "maximizing" and "minimizing" are important techniques in the calculus. Applications of this technique abound in eighteenth-century physics, from curves of quickest descent to the principle of least action. In fact, it was Maclaurin who, in his Treatise of Fluxions, gave the first sophisticated account of the theory of maxima and minima, using Maclaurin series to characterize maxima, minima, and points of inflexion of curves in terms of the signs, or equality to zero, of first, second, third, and nth derivatives [ But unlike the situation in the discovery of universal gravitation that I sketched earlier, in which each successive mathematical idealization dropped some assumption that had simplified the mathematics, Newton's attempt to model the inertial resistance to motion and its relation to viscosity did not yield to his approach. Indeed, some of the key quantities (e.g., the drag coefficient and the Reynolds number [the ratio of inertial to viscous effects in a flow]) still cannot be functionally related from theoretical principles. In establishing universal gravitation, the sequences from point mass to extended body, or from one-body to two-body systems, work because each approximation suggests unresolved questions that the next stage can address. But this did not work for resisted motion. In Smith 
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The shape of the earth. We turn now to the heart of the current paper: how Maclaurin used the Newtonian style to become a successful scientist. Maclaurin's monumental Treatise of Fluxions is much more than an answer to Berkeley; it contains a wealth of important results both in mathematics and in physics. In particular, let us look at Maclaurin's treatment of the shape of the earth, for it exemplifies his use of the Newtonian style, especially the sophisticated use of mathematical models, to solve problems of great importance for physics and astronomy.
The earth is not a sphere, Newton argued in the Principia, since its rotation brings about real forces that cause it to be flattened at the poles and to bulge at the equator. Gauging was an important subject for eighteenth-century society, since the wooden barrel was the universal shipping container throughout the Atlantic economies of both Europe and America. And gauging was the subject of one of Maclaurin's most detailed contributions to applied science. In 1735, Maclaurin wrote a ninety-four-page memoir for the Scottish Excise Commission explaining the most accurate way to find the volume of molasses in the barrels in the port of Glasgow [10] . In 1998 I presented this story of Maclaurin's success in mathematically gauging molasses barrels as a case study in the use of mathematical authority to achieve consensus about a problem-taxation-clearly rife with disagreement between parties with vastly different interests [13] . To start planning for the Fund, Webster collected the relevant data by sending questionnaires to every parish of the Church, asking how many ministers there were, how many widows there were, how many orphans there were, how old these people all were, and so on. Wallace then made a mathematical model predicting the changes in the widow and orphan populations. He sent a copy of the proposed scheme to Maclaurin for possible criticism. And he got it.
Using Wallace's model, Maclaurin prepared tables to predict the future of the scheme according to probability theory. Maclaurin showed that the fund would run out of money unless it reduced the children's benefits. Why? Because Wallace, after consulting mortality tables, had assumed that 1 / 18 of the widows would die each year, a mathematically tractable assumption since his model began with eighteen widows, but an assumption that ignored the varying age distribution of the group.
Maclaurin sought empirical data to check Wallace's assumption and found it by a study, more careful than Wallace's, of the mortality tables from Breslau published by Edmond Halley in 1673. According to Maclaurin's refined model based on his analysis of the age distribution in this data, the average annual mortality rate of the widows would at first be lower, and thus more payouts would be needed. In his own gloss on this passage, Maclaurin emphasized the certainty that was achieved by obeying Newton's precepts. And to demonstrate this certainty, he identified the success of Newtonian physics with its following the methods of mathematics. It was "in order to proceed with perfect security, and to put an end for ever to disputes," wrote Maclaurin, that Newton says to us, "as in mathematics, so in natural philosophy, the investigation of difficult things by the method of analysis ought ever to precede the method of composition, or synthesis. For in any other way, we can never be sure that we assume the principles which really obtain in nature" [20, 
